Striatal dopaminergic dysregulation and dystonia-like movements induced by sensorimotor stress in a pharmacological mouse model of rapid-onset dystonia-parkinsonism.
Rapid-onset dystonia-parkinsonism (RDP) is a rare form of hereditary dystonia caused by loss-of-function mutations of the Na+/K+-ATPase α3 isoform (ATP1α3). An acute onset of generalized dystonia and parkinsonism after exposure to stress and an incomplete disease penetrance is described in RDP, thereby suggesting a gene-environmental interaction in individuals with a genetic predisposition for dystonia development. Dystonia is considered a central motor network disease and in line with this concept, alterations in cerebellar neuronal firing have been described in RDP mouse models, but the pathogenic role of the basal ganglia remains unclear. We have mimicked RDP pharmacologically by simultaneous perfusion of the selective ATP1α3-blocker ouabain into the striatum and cerebellum of mice, followed by repeated exposure to mild motor stress. Ouabain-perfused RDP mice developed dystonia-like movements, which were exacerbated by exposure to sensorimotor stress. Compared to control mice, ouabain perfusion of the striatum led to dendritic spine loss of medium spiny neurons in addition to loss of cholinergic and GABAergic interneurons in the striatum. High-pressure liquid chromatography analyses revealed significant dopamine (DA) depletion and increased DA and serotonergic turnover, while qPCR analyses displayed reduction of glutamatergic receptors. Adding stress to the ouabain-predisposed brain, however, resulted in an elevation of the striatal DA metabolism back to the level of control animals. Our results indicate an ouabain-induced basal ganglia and cerebellar motor network dysfunction characterized by structural and neurochemical alterations of striatal dopaminergic, cholinergic and glutamatergic pathways that represent a motor endophenotype of RDP mutation carriers. Challenging the motor circuit by sensorimotor stress causes exacerbation of dystonia-like movements tightly linked to a hyperdopaminergic state in the striatum. Our observations support a gene-environment interaction or "second-hit" hypothesis in the symptomatogenesis of RDP.